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0 Method of generating or modifying solid model of an object and apparatus suitable for practising 
the method. 
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0 Method and apparatus for generating a solid 
model of a structural assembly, or solid models of 
components of such assembly, according to cross 
sectional shapes of the components and attributes 
associated with the cross sectional shapes, wherein 
the components are initially defined by wire frame 
models or surface models represented by suitable 
shape data such wire frame data. When a structural 
assembly is modified in design, the shape data are 
changed, and the corresponding cross sectional 
shapes and attributes are changed, so that a model- 
ler (38) modifies the already generated solid model 
or models, on the basis of the changed cross sec- 
tional shapes and attributes. The apparatus includes 
part data files (30) for respective structural assem- 
blies, and each part data file has component data 
files (32) for respective components of each assem- 
bly, and a relation data file (34) representative of 
positional relationship of the components of the as- 



sembly. Each component data file storing wire frame 
data and solid model data in respective memory 
areas thereof. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method of 
generating or modifying a solid model of a struc- 
tural object, and an apparatus suitable for practic- 
ing the method to generate or modify such solid 
model. 

Discussion of the Related Art 

A solid model generator is used in designing a 
structural object or solid such as automotive parts, 
die sets used on a press, or other components of a 
structural assembly. Such a solid model generator 
includes a solid modeller adapted to receive data 
representative of shapes in specified cross sec- 
tional planes of the structural object, and data 
indicative of attributes of such cross sectional 
shapes. These shapes and attributes cooperate to 
define the geometry of the object. The solid model- 
ler automatically generates a solid model of the 
object according to the received cross sectional 
shapes and the attributes. When a structural as- 
sembly such as a part of an automobile or a die 
set used on a press is modified in design for use 
on another type of automobile or for partial re- 
modelling of the automobile, the operator of the 
solid model generator operates an appropriate data 
input device to identify the automotive part or die 
set to be re-designed or modified in design, and 
select each component of the structural assembly 
to be displayed on a display screen. The operator 
further operates the data input device to change 
the cross sectional shapes and attributes of each 
component to modify the component, as needed, 
so that the solid modeller automatically modifies 
the original solid model, namely, automatically gen- 
erates a solid model of the component as modified, 
and display the newly generated solid model of the 
modified component. The above operation should 
be repeated for each of the components of the 
structural assembly that should be modified in de- 
sign. 

The solid model generator indicated above 
uses a general-purpose CAD (computer-aided de- 
sign) software for dealing with the operator's com- 
mands to designate the desired component to be 
modified and change object-defining parameters in 
the form of the cross sectional shapes and at- 
tributes described above. The solid modeller op- 
erates also according to the CAD software, to gen- 
erate the solid model of the modified component. 
Since the solid modeller requires a considerably 
long processing time to modify the solid model of 
each component, the operator should wait an ac- 
cordingly long time, at the site of the peripheral 



data input device. Where two or more components 
of the structural assembly in question should be 
modified in design, the cumulative waiting time of 
the operator as a designer of the structural assem- 
5 bly is substantially prolonged, leading to unsatis- 
factory designing efficiency on the side of the 
designer. In the case of dimensional or geometric 
modification of the two or more components of the 
structural assembly, the designer usually considers 
70 the compatibility of the modified components with 
respect to each other and with respect to the non- 
modified components, in terms of their attachment 
or connection to or engagement with each other or 
their dimensional coordination. As a result of these 
75 considerations, the designer is sometimes required 
to re-modify the component or components so as 
to correct or overcome defects or incompatibility of 
the modified and non-modified components in a 
trial-and-error fashion. In such event, two or more 
20 processing operations are performed by the solid 
modeller for each of the components that are modi- 
fied from their original design, whereby the cumula- 
tive or total processing time required by the solid 
modeller tends to be increased, resulting in re- 
25 duced designing efficiency. 

In some solid model generators, the cross sec- 
tional shapes and attributes used to generate solid 
models of structural components are given by wire 
frame data representative of two-dimensional wire 
30 frame models. Each wire frame model consists of 
shape definition lines which define a shape or 
geometry of the appropriate component. Such solid 
model generators may be adapted such that the 
initially generated or prepared wire frame models 
35 are used to generate the corresponding surface 
models, so that the corresponding solid models are 
generated on the basis of the surface models. 

In such solid model generators, solid model 
data representative of solid models of different 
40 components (A, B, C) are stored in respective solid 
model data files, while wire frame data or surface 
model data are stored in a design-concept data file, 
together with design concept data which identify 
the components (A, B, C) constituting an assembly 
45 and indicate a positional relationship between the 
components, as indicated in Fig. 22. Further, rela- 
tion data indicating a relationship between the solid 
models of these components and wire frame 
models or surface frame models represented by 
so the wire frame data or surface model data are 
stored in a relation data file, as also indicated in 
Fig. 22. The wire frame data and design concept 
data stored in the design-concept data file are 
treated as a unit or a batch of data, and the wire 
55 frame data of the component A cannot be retrieved 
alone, independently of the wire frame data of the 
component B, for example. When it is desired to 
use the wire frame model of the component A of 
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the assembly (A, B, C), the wire frame models of 
all the three components A, B, C are first displayed 
on a screen such that these three wire frame 
models are disposed in the positional relationship 
defined by the design concept; data. In this con- 
dition, the wire frame data in the design-concept 
data file are modified so that the wire frame models 
of the unnecessary components B and C are re- 
moved or erased, ^and the remaining wire frame 
model of the necessary component A is changed 
as needed. The thus modified wire frame model 
data are used to generate a solid model of a new 
structural assembly which includes the modified 
component A. If the new structural assembly con- 
sists of the component A of the assembly (A, B, C) 
and another component which is a component of 
another structural assembly whose wire frame data 
and design concept data are stored in another 
design-concept data file, a similar operation should 
be repeated to generate a solid model of the new 
assembly. Since the operations required to utilize 
the already stored wire frame data and design 
concept data are cumbersome and time-consuming 
described above, there is a high possibility of oper- 
ational errors occurring during the modification of 
the wire frame data (surface model data), and the 
efficiency of generating a solid model of a struc- 
tural assembly tends to be low. 

SUMMARY OF THE INVENTION 

. It is therefore a first object of the present 
invention to provide a method of modifying solid 
models of structural components, which method 
permits high designing efficiency with a minimum 
of waiting time on the side of the^ designer who 
uses a solid model generator that generates the 
modified solid models. 

The first object indicated above may be 
achieved according to one aspect of the present 
invention, which provides a method of modifying 
solid models of a plurality of designated compo- 
nents, which have already been generated by a 
solid model generating apparatus wherein a solid 
modeller automatically generates solid models re- 
presentative of a plurality of components according 
to cross sectional shapes of the components and 
attributes associated with the cross sectional 
shapes, the cross sectional shapes and attributes 
defining the solid models of the components, the 
method comprising the steps of: (a) preparing a 
plurality of shape data files storing respective sets 
of shape data representative of shapes of the plu- 
rality of designated components; (b) successively 
changing the shape data sets representative of the 
designated components, to modify the solid 
models of the. designated components; (c) chang- 
ing the cross sectional shapes and/or the attributes 



of the designated components on the basis of the 
changed shape data sets of the desired compo- 
nents, and according to a predetermined relation- 
ship between the changed shape data sets and the 

5 cross sectional shapes and/or the attributes; and 
(d) activating the solid modeller to successively 
modify the already generated solid models of the 
designated components, on the basis of the cross 
sectional shapes and the attributes at least one of 

w which has been changed. 

To generate solid models of the designated 
components which are modified in design, namely, 
to modify the already generated solid models of 
the designated components, the shape data sets 

75 already stored in the respective shape data files 
are successively changed one after another, and 
the cross sectional shapes of the designated com- 
ponents and/or the attributes associated with the 
cross sectional shapes are changed on the basis of 

20 the changed shape data sets of the designated 
components, and according to the predetermined 
or known relationship between the changed shape 
data sets and the cross sectional shapes and/or the 
attributes. Then, the solid modeller is activated to 

25 successively modify the already generated solid 
models of the designated components, on the ba- 
sis of the changed cross sectional shapes and the 
changed attributes at least one of which has been 
changed, that is, on the basis of the changed cross 

30 sectional shapes and attributes, or the changed 
cross sectional shapes and the unchanged at- 
tributes, or the unchanged cross sectional shapes 
and the changed attributes. 

According to the present method, at least one 

35 of the cross sectional shape and the attribute asso- 
ciated with the cross sectional shape is changed 
for each designated component, on the basis of the 
shape data set which has been changed according 
to a desired change of design of each designated 

40 component. This change of the cross sectional 
shape and/or the attribute is automatically effected 
according to the predetermined relationship be- 
tween the shape data set and those cross sectional 
shape and attribute. Subsequently, the solid model- 

45 ler of the apparatus is activated to automatically 
modify the already generated solid model of each 
designated component, on the basis of the cross 
sectional shape and the attribute at least one of 
which has been changed. Thus, the modification of 

so the solid models on the basis of the changed 
shape data sets does not require the attendance of 
the operator or designer, and can be automatically 
and unattendedly performed at night. Accordingly, 
the operator does not have to wait at the peripheral 

55 data input device of the solid model generating 
apparatus, whereby the time required for the oper- 
ator to attend the apparatus can be reduced to less 
than a half of the conventional requirement, and the 
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component designing efficiency is accordingly im- 
proved. 

A second object of the invention is to provide a 
solid model generating apparatus suitable for prac- 
ticing the above method. 

The above second object can be achieved 
according to a second aspect of the invention, 
which provides an apparatus for modifying solid 
models of a plurality of designated components, 
which have already been generated by a solid 
model generating apparatus wherein a solid model- 
ler automatically generates solid models represen- 
tative of a plurality of components according to 
cross sectional shapes of the components and at- 
tributes associated with the cross sectional shapes, 
the cross sectional shapes and attributes defining 
the solid models of the components, the apparatus 
comprising: (a) shape data file memory means 
having a plurality of shape data files (16a) storing 
respective shape data sets representative of 
shapes of the plurality of designated components; 
(b) altering means for successively changing the 
shape data sets representative of the designated 
components, to modify the solid models of the 
designated components; (c) definition data updat- 
ing means for changing the cross sectional shapes 
and/or the attributes of the designated components 
on the basis of the changed shape data sets of the 
designated components, and according to a pre- 
determined relationship between the changed 
shape data sets and the cross sectional shapes 
and/or the attributes; and (d) solid model modifying 
means for activating the solid modeller to succes- 
sively modify the already generated solid models 
of the designated components, on the basis of the 
cross sectional shapes and the attributes at least 
one of which has been changed. 

In the present apparatus adapted to modify the 
already generated solid models of the designated 
components, the shape data sets already stored in 
the respective shape data files are successively 
changed by the altering means, and the cross 
sectional shapes of the designated components 
and/or the attributes associated with the cross sec- 
tional shapes are changed by the definition data 
updating means, on the basis of the changed 
shape data sets of the designated components, 
and according to the predetermined or known rela- 
tionship between the changed shape data sets and 
the cross sectional shapes and/or the attributes. 
Then, the solid model modifying means activates 
the solid modeller to successively modify the al- 
ready generated solid models of the designated 
components, on the basis of the changed cross 
sectional shapes and the changed attributes at 
least one of which has been changed. 

Thus, the present apparatus is adapted such 
that at least one of the cross sectional shape and 



the attribute associated with the cross sectional 
shape is automatically changed by the definition 
data updating, for each designated component, on 
the basis of the shape data set changed by the 

5 altering means and according to the predetermined 
relationship between the shape data set and those 
cross sectional shape and attribute. Subsequently, 
the solid modeller of the apparatus is activated by 
the solid model modifying means, to automatically 

to modify the already generated solid model of each 
designated component, on the basis of the cross 
sectional shape and the attribute at least one of 
which has been changed. Thus, the modification of 
the solid models on the basis of the changed 

75 shape data sets does not require the attendance of 
the operator or designer, and can be automatically 
and unattendedly performed at night. Accordingly, 
the operator does not have to wait at the peripheral 
data input device of the solid model generating 

20 apparatus, whereby the time required for the oper- 
ator to attend the apparatus can be reduced to less 
than a half of the conventional requirement, and the 
component designing efficiency is accordingly im- 
proved. 

25 According to one form of the apparatus, each 

of the shape data sets stored in the shape data 
files includes wire frame data representative of a 
two-dimensional wire frame model consisting of 
shape definition lines which define a shape of a 

30 corresponding one of the designated components. 
In this case, the apparatus may further comprise a 
display device and a data input device, so that the 
altering means activates the display device to dis- 
play the wire frame models of the designated com- 

35 ponents on a same screen of the display device in 
a predetermined positional relationship with each 
other, and receives from the data input device data 
necessary to change the wire frame data repre- 
sentative of the wire frame model of each of the 

40 designated component. Generally, the dimensional 
or geometric modification of two or more compo- 
nents of a structural assembly requires the de- 
signer to consider the compatibility of the modified 
components with respect to the non-modified com- 

45 ponents, in terms of their attachment or connection 
to each other or dimensional coordination. In some 
cases, the designer is required to re-modify the 
component or components so as to correct or 
overcome incompatibility of the modified and non- 
50 modified components in a trial-and-error fashion. In 
the present embodiment, the dimensional and posi- 
tional compatibility or coordination of the two or 
more components can be readily checked while 
the wire frame models are displayed on the same 

55 screen of the display device, even if the wire frame 
models are changed by the altering means two or 
more times. Further, each component is initially 
defined by two-dimensional figures or wire frame 
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models, which can be processed at a higher speed 
than in the conventional system in which the three- 
dimensional data processing is required for modify- 
ing the solid model of each component. Therefore, 
the present arrangement permits designing or 
modification of the components with improved effi- 
ciency and reduced time of repeated processing in 
the trial-and-error fashion. 

, According to another form of the apparatus, 
each of the shape data sets stored in the shape 
data files includes attribute definition data corre- 
sponding to each of the attributes, and the altering 
means receives from a data input device data 
necessary to change the attribute definition data. 

A third object of the invention is to provide a 
method of generating a solid model of a structural 
assembly, which permits easy utilization of already 
generated solid models of components of another 
structural assembly, and which assures increased 
designing or re-designing efficiency and reduced 
designing error. 

A fourth object of the invention is to provide a 
solid model generating apparatus suitable for prac- 
ticing the above method. 

The above third object may be achieved ac- 
cording to a third aspect of this invention, which 
provides a method of generating solid models of 
structural assemblies each consisting of a plurality 
of ..components (Ai, Bi, Aii, Bii, Aiii, Biii), according 
to across sectional shapes of the components and 
attributes associated with the cross sectional 
shapes, the cross sectional shapes being based on 
wire frame models defining shapes of the compo- 
nents of each structural assembly, the method 
comprising the steps of: (a) providing a plurality of 
part data files corresponding to the plurality of 
structural assemblies, each of the part data files 
including a plurality of component data files cor- 
responding to the plurality of components of each 
structural assembly, and a relation data file; (b) 
storing wire-frame-related data or surface model 
data and solid model data of each of the compo- 
nents of each structural assembly, in respective 
areas of a corresponding one of the component 
data files of a corresponding one of the part data 
files, the wire-frame- related data including wire 
frame data representative of the wire frame models 
of the components, and the surface model data 
being representative of surface models of the com- 
ponents, while the solid model data being repre- 
sentative of the solid models of the components; 
and (c) storing component relation data of each 
structural assembly in the relation data file of the 
corresponding part data file, the component relation 
data being representative of a positional relation- 
ship of the plurality of components of each struc- 
tural assembly. 
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In the solid model generating method accord- 
ing to the third aspect of this invention, the wire- 
frame-related data or the corresponding surface 
model data and the solid model data of each 

5 component of a structural assembly are stored in 
respective areas of the corresponding one of the 
component data files of the part data file for the 
structural assembly. Further, the part data file has 
the relation data file in which are stored the compo- 

io nent relation data representative of the positional 
relationship of the components of the structural 
assembly in question. 

According to the present method, therefore, the 
wire-frame-related data including the wire frame 

75 data or the surface model data of any component 
of any structural assembly can be retrieved to- 
gether with the corresponding solid model data, 
from the corresponding component data file of the 
part data file for the appropriate structural assem- 

20 bly. Thus, for example, the wire-frame-related data 
and the solid model data of a desired component 
of a certain structural assembly can be retrieved 
and utilized to generate a solid model of a new 
structural assembly, independently of the wire- 

25 frame-related data and the solid model data of the 
other component or components of that structural 
assembly, whereby there is no need to eliminate or 
erase the wire-frame-related data and the solid 
model data of the components that are not utilized 

30 for the new structural assembly. Accordingly, the . 
present method assures significantly improved effi- 
ciency of designing a new structural assembly or 
redesigning an already designed structural assem- 
bly, and reduced error of designing or redesigning 

35 of a structural assembly utilizing the data stored in 
the part data files. 

The wire-frame-related data may further in- 
clude relation data representative of a positional 
relationship between the wire frame model of each 

40 component of each structural assembly and the 
solid model of each component. The wire-frame- 
relatbd data may also include attribute data repre- 
sentative of the attribute associated with each cross 
sectional shape element which defines each com- 

45 ponent. 

The fourth object indicated above may be 
achieved according to a fourth aspect of the 
present invention, which provides an apparatus for 
generating solid models of structural assemblies 

so each consisting of a plurality of components, ac- 
cording to cross sectional shapes of the compo- 
nents and attributes associated with the cross sec- 
tional shapes, the cross sectional shapes being 
based on wire frame models defining shapes of the 

55 components of each structural assembly, the ap- 
paratus comprising: (a) a plurality of part data files 
corresponding to the plurality of structural assem- 
blies, each of the part data files including a plurality 
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of component data files corresponding to the plu- 
rality of components of each structural assembly, 
and a relation data file; (b) first data storage control 
means for storing wire-frame- related data or sur- 
face model data and solid model data of each of 
the components of each structural assembly, in 
respective areas of a corresponding one of the 
component data files of a corresponding one of the 
part data files, the wire-frame-related data including 
wire frame data representative of the wire frame 
models of the components, and the surface model 
data being representative of surface models of the 
components, while the solid model data being re- 
presentative of the solid models of the compo- 
nents; and (c) second data storage control means 
for storing component relation data of each struc- 
tural assembly in the relation data file of the cor- 
responding part data file, the component relation 
data being representative of a positional relation- 
ship of the plurality of components of each struc- 
tural assembly. 

The present apparatus provides substantially 
the same advantages as the method according to 
the third aspect of the invention described above. 

The above-indicated respective areas of each 
of the component data files may consist of a wire 
frame data area and a solid model data area for 
storing the wire-frame-related data and the solid 
model data, respectively. In this case, the wire 
frame data area may further store relation data 
representative of a positional relationship between 
the wire frame model of each component of each 
structural assembly and the solid model of each 
component, and may further store attribute data 
representative of the attribute associated with each 
cross sectional shape element which defines each 
component. 

The apparatus may further comprise an output 
device for reproducing the solid models of the 
structural assemblies, according to the solid model 
data. In this instance, the apparatus may further 
comprise output control means for retrieving the 
wire-frame-related data or the surface model data 
and the solid model data from the component data 
files of one of the part data files which corresponds 
to one of the structural assemblies when the solid 
model of that structural assembly is reproduced. 
The output control means is adapted to erase the 
retrieved wire-frame-related data or the surface 
model data so that only the retrieved solid model 
data are used to reproduce the solid model of the 
structural assembly. This arrangement facilitates 
displaying of the solid model or models of a de- 
sired component or components or the solid model 
of a desired structural assembly, or production of a 
drawing or drawings of the component or compo- 
nents or structural assembly on a suitable record- 
ing device as the output device such as a printer or 
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plotter according to the solid model data. This 
feature is effective to further improve the efficiency 
of designing a component or a structural assembly. 
While the output device such as a display 

5 device and a recording device may be a part of the 
apparatus, as indicated above, the output device 
may be an external device connected to the 
present apparatus. In this case, the solid model 
data retrieved from the appropriate part data files 

10 are sent to such external output device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features and 
75 advantages of the present invention will be better 
understood by reading the following detailed de- 
scription of presently preferred embodiments of the 
invention, when considered in connection with the 
accompanying drawings, in which: 
20 Fig. 1 is a block diagram illustrating one ar- 
rangement of a solid model generating appara- 
tus constructed according to a first embodiment 
of the present invention; 

Fig. 2 is a block diagram indicating functional 
25 elements of a computer used by a solid model 
generator of the apparatus of the embodiment of 
Fig. 1; 

Fig. 3 is a flow chart illustrating a main routine 
for generating or creating solid models of a new 

30 structural assembly in the embodiment of Fig, 1; 

Figs. 4A and 4B are flow charts illustrating a 
main routine for modifying solid models already 
generated by the solid model generator accord- 
ing to the main routine of Fig. 3; 

35 Fig. 5 is a flow chart showing an operation in 

step SM1 of the main routine of Fig. 3, to 
initially define wire frame models of components 
of each structural assembly for which solid 
models are generated; 

40 Fig. 6 is a flow chart showing an operation in 
step SM2 of the main routine of Fig. 3, to define 
a cross sectional shape of each shape element 
of each component; 

Fig. 7 is a flow chart showing an operation in 
45 step SM3 of the main routine of Fig. 3, to 
specify a relationship between the wire frames 
and the cross sectional shapes; 
Fig. 8 is a flow chart showing an operation in 
step SM4 of the main routine of Fig. 3, to give 
so an attribute to each cross sectional shape of the 
component, and an operation in step SMS of the 
main routine to generate the solid model on the 
basis of the cross sectional shapes and the 
attributes; 

55 Fig. 9 is a flow chart showing an operation in 
step SM6 of the main routine of Fig. 3, to 
display the drawing of each component accord- 
ing to the generated solid model and enter and 
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store the dimensions of the component in the 
drawing; 

Fig. 10 is a flow chart showing an operation in 
step SM7 of the main routine of Fig. 3 to enter 
and store information necessary to machine the 
components; 

Fig. 11 is a flow chart showing an operation in 
step SM8 of the main routine of Figs. 4A and 4B 
to" change the wire frame models of the desired 
components; 

Fig. 12 is a perspective view of a structural 
assembly in the form of a unit cam consisting of 
a plurality of components, for which solid 
models are generated; 

Fig. 13 is a view illustrating examples of wire 
frames for some components of the unit cam of 
Fig. 12; 

Fig. 14 is a view corresponding to that of Fig. 1, 
showing an arrangement of a solid model gen- 
erating apparatus constructed according to a 
second embodiment of this invention; 
Fig. 15 is a view illustrating an example of a part 
data file stored in the auxiliary data storage of 
the apparatus of Fig. 14; 

Fig. 16 is a perspective view showing a process 
in which a solid model of a structural assembly 
is generated utilizing already generated solid 
models of components of other structural as- 
semblies; 

..Fig. 17 is a flow chart illustrating a main routine 
for generating a solid model of a new structural 
assembly in the embodiment of Fig. 14; 

/Fig. 18 is a flow chart showing an operation in 
step SM53 of the main routine of Fig. 17, to 
initially define wire frame models of components 
of a structural assembly; 

Fig. 19 is a flow chart showing an operation in 
step SM54 of the main routine of Fig. 17, to 
define a cross sectional shape of each shape 
element of each component; 
Fig. 20 is a flow chart showing an operation in 
step SM55 of the main routine of Fig. 17, to 
specify a relationship between the wire frames 
and the cross sectional shapes; 
Fig. 21 is a flow chart showing an operation in 
step SM56 of the main routine of Fig. 17, to give 
an attribute to each cross sectional shape of the 
component; and 

Fig. 22 is a block diagram indicating an arrange- 
ment of various data files used in a conventional 
solid model generating apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Fig. 1 showing a solid model 
generator 10 constructed according to one embodi- 
ment of the present invention, the solid model 



generator 10 uses a computer 12 which incor- 
porates a central processing unit as well known in 
the art, a primary data storage 14 for storing data 
used in processing operations by the central pro- 

5 cessipg unit, and a program storage 15 for storing 
system control softwares and softwares for 
arithmetic and logic operations performed by the 
central processing unit, more specifically, control 
programs for executing routines illustrated in Figs. 

10 3-11. The softwares stored in the program storage 
15 include: OS software or an operating system to 
execute various programs; a wire frame modeller 
for generating wire frame models, each consisting 
of shape definition lines, such as edge lines, out- 

75 lines or boundary lines and intersecting lines, 
which define the geometric characteristics of a 
three-dimensional solid or object; a surface model- 
ler for generating surface models each consisting 
of a wire frame model and surface data relating to 

20 the surfaces of a solid; a solid modeller for gen- 
erating solid models, according to appropriate al- 
gorithms such as a B-reps (Boundary Representa- 
tion) process, or a CSG (Constructive Solid Geom- 
etry) process wherein a complicated shape is de- 

25 fined by combinations of basic or primitive solids; 
and other data for designing a three-dimensional 
object. The wire frame modeller and surface mod- 
eller are adapted to effect two-dimensional data 
processing to generate wire frame models and 

30 surface models, and require relatively short pro- 
cessing times as compared with those of the solid 
modeller which requires three-dimensional data 
processing. However, the wire frame modeller and 
surface modeller do not have information relating to 

35 a solid or space form. 

The solid model generator 10 further includes 
an auxiliary data storage 16 such as a magnetic 
disk, a data input device 18 such as a keyboard, a 
display device 20 such as a cathode-ray tube, an 

40 optical/audio indicator device 22 such as a device 
including indicator lights, alarm lights and a speak- 
er, and a recording device 24 such as a plotter or 
printer. The computer 12, which is connected to 
these devices 16, 18, 20, 22, 24, is adapted to 

45 generate a solid model according to the software 
programs stored in the program storage 15, and in 
response to command signals received from the 
data input device 18. Solid model data files repre- 
sentative of the thus generated solid models gen- 

50 erated are stored in the auxiliary storage 16, and 
images of the solid models can be displayed on 
the display device 20 and reproduced by the re- 
cording device 24 on a suitable recording medium. 
Referring next to Fig. 2 indicating the principal 

55 functional elements of the computer 12, there will 
be briefly described a manner of modifying already 
prepared or generated solid models of components 
which constitute a structural assembly. The func- 
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tional elements of the computer 12 include shape 
data file memory means 30 which corresponds to a 
shape data file memory 16a of the auxiliary storage 
16. The shape data file memory means 30 stores a 
shape data file of each structural assembly, which 
consists of a plurality of shape data sets cor- 
responding to the solid models of the respective 
components of each assembly to be generated. 
When the solid models of the components are 
modified, altering means 32 connected to the 
memory means 30 is operated to sequentially 
change the shape data sets of the components. 
The shape data file memory means 30 is also 
connected to definition data updating means 34, 
which is adapted to update or change the cross 
sectional shapes and attributes which define the 
original solid models of the individual components, 
according to the changed shape data sets and a 
predetermined relationship between the shape data 
sets and the cross sectional shapes and attributes. 
The changed cross sectional shapes and attributes 
obtained by the definition data updating means 34 
are applied to solid model modifying means 36, 
which activates the solid modeller 38 to sequen- 
tially generate modified solid models according to 
the modified cross sectional shapes and attributes, 
whereby the solid models of the modified compo- 
nents of the structural assembly in question are 
obtained. 

The shape data sets of the shape data file 
stored in the shape data file memory means 30 
include wire frame data representative of wire 
frame models each consisting of shape definition 
lines defining a two-dimensional figure or shape. 
The altering means 32 is adapted to activate the 
display device 20 such that the wire frame models 
of the individual components are displayed on the 
screen of the device 20 in a predetermined geo- 
metric relationship with each other. The altering 
means 32 is responsive to command signals re- 
ceived from the data input device 18, to change the 
cross sectional shapes of the components in a 
predetermined procedure. 

Referring to the flow charts of Figs. 3 and 4, 
operations of the computer 12 will be described. 
The flow chart of Fig. 3 shows a main routine for 
generating solid models of the components of a 
structural assembly, while the flow chart of Figs. 4A 
and 4B shows a main routine for modifying already 
generated or prepared solid models. 

The main routine of Fig. 3 is initiated with step 
SM1 to intially define wire frames of individual 
components of each of structural assemblies, for 
which the corresponding solid models are to be 
generated for the first time. For instance, the struc- 
tural assemblies are various die sets used on a 
press. For instance, each die set consists of com- 
ponents associated with an upper die, components 
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associated with a lower die. and other components 
associated with a product fabricated with these 
dies. The defined wire frames are stored in the 
shape data file memory 16a of the auxiliary data 

5 storage 16. 

Described in detail referring to the flow chart of 
Fig. 5, the step SM1 as a sub-routine is started 
with step SM1a to register or designate a part data 
file used for a given structural assembly, for exam- 

10 pie, a given die set which is newly designed and 
which has a specific part identification number. The 
part data file is registered according to command 
signals received from the data input device 18, in 
response to a data input operation by the operator 

75 through the input device 18. Step SM1a is followed 
by step SM1b to register wire frame files used for 
storing wire frame models for a group of compo- 
nents of the die set for which the part data file has 
been registered in step SM1a. For instance, the 

20 wire frame files for the components of the upper 
die of a die set are registered in step SM1b. This 
step SM1b is also effected in response to a data 
input operation through the data input device 18. 
Then, the control flow goes to step SM1c 

25 wherein the planes in which the wire frames are 
defined are designated through the data input de- 
vice 18. Step SMlc is followed by step SMld in 
which the type of view of the wire frame model 
(e.g., perspective view, plan view, or front or side 

30 elevational view) and coordinate values defining the 
wires (coordinate values of points defining the wire 
lines) are entered through the data input device 18. 
The coordinate values are those in an x-y-z rectan- 
gular coordinate system. Step SM1e is then imple- 

35 mented to store the type of view and the coordi- 
nate values in the shape data file memory 16a of 
the auxiliary data storage 16. Step SM1e is fol- 
lowed by step SM1f to determine whether the 
structural assembly (die set) question includes an- 

40 other group of components, for instance, the com- 
ponents of the lower die, in the case where the 
wire frame files for the components of the upper 
die have been registered in step SM1b. 

If an affirmative decision (YES) is obtained in 

45 step SM1f, steps SM1b through SM1e are re- 
peated again. If a negative decision (NO) is ob- 
tained in step SM1f, the control flow goes to step 
SM1g to determine whether there is another struc- 
tural assembly for which it is desired to newly 

so generate the solid models and for which a part data 
file should be registered in step SM1a. For in- 
stance, step SM1g is implemented to determine 
whether there is another die set (having another 
part number) other than the die sets whose wire 

55 frame models have been defined and stored in 
steps SM1b-SM1f. If an affirmative decision (YES) 
is obtained in step SM1g, steps SM1a-SM1f are 
repeatedly implemented. If a negative decision 
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(NO) is obtained in step SM1g, the sub-routine of 
Figs. 4A and 4B is terminated. 

Then, the main control flow goes to step SM2, 
SM3, SM4 and SM5 to enter data necessary for 
initial definition of the solid models of the respec- 
tive components of the structural assemblies for 
which step SM1 has been implemented. That is, a 
cross sectional shape in a specified plane is de- 
fined for each shape element of each component 
for which the solid model is obtained, and each 
defined cross sectional shape is stored in the auxil- 
iary data storage 16. 

Step SM2 (sub-routine) of the main routine of 
Fig. 3 will be described in detail by reference to 
the flow chart of Fig. 6. The sub-routine of Fig. 6 is 
initiated with step SM2a in which the part data file 
for the desired structural assembly is opened by 
the operator through the data input device 18. Step 
SM2a is followed by step SM2b to register a solid 
model file for each component. The control flow 
then goes to step SM2c to generate a coordinate 
conversion matrix file for defining a positional rela- 
tionship between the wire frame model defined by 
the wire frame file and the position of the solid 
model defined by the solid model file. Step SM2c 
is followed by step SM2d wherein the cross sec- 
tional plane in which each cross sectional shape 
used for the solid model of each component is 
defined is specified according to command signal 
received from the data input device 18. Then, step 
SM2e is implemented wherein the cross sectional 
shape of each shape element of each component 
is defined in the specified cross sectional plane, 
according to command signals from the data input 
device 18. 

Step SM2 is followed by step SM3 to specify a 
relationship between the wire frame defined in step 
SM1 and the cross sectional shape of each shape 
element of the solid model for each component of 
the structural assemblies for which step SM1 has 
been executed. Fig. 7 shows details of the step 
SM3 (sub-routine) of Fig. 3. 

The sub-routine of Fig. 7 is started with step 
SM3a in which component identifiers indicative of 
the relationships between the wire frame models 
and the corresponding components are stored in a 
relationship data memory 16b of the auxiliary data 
storage 16. Step SM3a is followed by step SM3b in 
which shape identifiers indicative of the relationship 
between the shape definition lines of each wire 
frame and the shape definition lines of each cross 
sectional shape used for defining each solid model 
are also stored in the relationship data memory 
16b. The shape definition lines define each wire 
frame and each shape element of the solid model 
as explained below. Then, the control flow goes to 
step SM3c in which the relationship between the 
wire frame model and the cross sectional shapes of 
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each solid model are stored, in relation to the 
shape identifiers, in the relationship data memory 
16b. The relationship between the wire frame 
models and the solid models will be explained by 

5 reference to Figs. 12 and 13. In the case of a 
structural assembly in the form of a unit cam as 
shown in Fig. 12, wires frames as illustrated in Fig. 
13 are used in designing the unit cam. In this case, 
the following relationship exist between the wire 

w frames and the cross sectional shapes and planes 
of the cam unit. 

The cam unit shown in Fig. 12 includes an 
upper cam 50, a lower cam 54 slidably engaging 
the upper cam 50, and a base 56 for slidably 

75 supporting the lower cam 54. The upper cam 50 
has shape elements including a rectangular shape 
of its upper end face defined by four straight shape 
definition lines 50a, 50b, 50c and 50d. These 
shape definition lines also define a plane in which 

20 the rectangular upper end face of the upper cam 
50 is defined. The rectangular shape of the upper 
end face and the plane of this upper end face 
which are defined by the lines 50a-50d correspond 
to a wire frame in the form of a parallelogram 52 

25 defined by tour shape definition lines 52a, 52b, 52c 
and 52d shown in Fig. 13. Similarly, the base 56 
has a shape element in the form of a rectangular 
shape of its lower end face (bottom surface) de- 
fined by four shape definition lines 56a, 56b, 56c, 

30 56d, which also define a plane of the rectangular 
lower end face. The rectangular shape of the lower 
end face and the plane of this lower end face 
which are defined by the lines 56a-56d correspond 
to a wire frame in the form of a parallelogram 58 

35 defined by four shape definition lines 58a, 58b, 58c 
and 58d shown in Fig. 13. 

Step SM3 is followed by step SM4 in which an 
attribute for each cross sectional shape defined in 
step SM1 is defined for generating the solid model 

40 of each component. The attribute is defined ac- 
cording to command signals from the data input 
device 18. The control flow then goes to step SM5 
in which the solid modeller 38 is operated to gen- 
erate the solid model of each component on the 

45 basis of the cross sectional shapes defined in step 
SM3 and the attributes given to these cross sec- 
tional shapes in step SM4. These steps SM4 and 
SM5 will be described in detail by reference to the 
flow chart of Fig. 8. Then, the control flow goes to 

50 step SM4c in which the direction of generating 
each geometric feature is specified through the 
data input device 18. 

Initially, step SM4a is implemented to specify 
the type of each geometric feature of each compo- 

55 nent, according to command signals received from 
the data input device 18. The geometric features of 
the components include projections, cutouts, 
curved surfaces and other structural characteristics. 
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Step SM4a is followed by step SM4b to specify the 
method of creating a solid by translating or other- 
wise moving the plane of each cross sectional 
shape defined in step SM2. For instance, pushing, 
rotation, sweeping and blending are available for 
moving the plane. This step SM4b is effected ac- 
cording to command signals received from the data 
input device 18. Step SM4b is followed by step 
SM4c in which the direction of generating each 
geometric feature is specified through the data 
input device 18. Then, step SM4d is implemented 
to specify the type of ending of each geometric 
feature through the data input device 18. For exam- 
ple, an end of a geometric feature is determined by 
a wire frame or a predetermined dimension, line or 
plane, or a geometric feature has an open end or is 
a through-hole. Thus, the type of the geometric 
feature, method of moving the cross sectional 
plane, direction of generating the geometric feature 
and the type of ending of the geometric feature is 
considered to constitute an attribute given to each 
cross sectional shape defined in step SM2, which 
attribute is required to specify or define the geo- 
metric characteristics of each component as a solid 
structure. 

Step SM4d is followed by step SM4e to deter- 
mine whether a wire frame has been specified in 
step SM4d as an element determining an end of a 
geometric feature. If an affirmative decision (YES) 
is obtained in step SM4e, step SM3d is imple- 
mented to store in the relationship data memory 
16b a relationship between the specified wire frame 
and the relevant end of the geometric feature. Step 
SM3d is followed by step SM5a. If a negative 
decision (NO) is obtained in step SM4e, step SM5a 
is implemented without step SM3d being imple- 
mented. 

Step SM5a is implemented to generate a solid 
model element corresponding to each shape ele- 
ment of the relevant component, for which the 
cross sectional plane and shape have been defined 
in steps SM2d and SM2e, and for which the at- 
tribute has been defined in steps SM4a-SM4e. The 
solid model element which partially defines or con- 
stitutes a part of the solid model of the component 
is generated by the solid modeller 38 (software 
stored in the program storage 15) on the basis of 
the cross sectional shape and the corresponding 
attribute. Step SM5a is followed by step SM5b to 
determine whether the relevant component has an- 
other shape element to be defined. If an affirmative 
decision (YES) is obtained in step SM5b, the con- 
trol flow goes back to step SM2d (Fig. 6)r to imple- 
ment this step and the following steps, to thereby 
generate the solid model element of that shape 
element. If a negative decision (NO) is obtained in 
step SM5b, step SM5c is implemented to deter- 
mine whether the relevant structural assembly has 



another component. If an affirmative decision (YES) 
is obtained in step SM5c, the control flow goes 
back to step SM2b (Fig. 6) to implement this step 
and the following steps, to thereby generate the 
5 solid model of that component. If a negative de- 
cision (NO) is obtained in step SM5c, the control 
flow goes to step SM5d to determine whether there 
is another structural assembly whose part data file 
has been registered in step SM1 of the main rou- 

io tine of Fig. 3. If an affirmative decision (YES) is 
obtained, the control flow goes back to step SM2a 
(Fig. 3) and implement this step and the following 
steps, to thereby-generate the solid model of each 
component of that structural assembly. If a nega- 

15 tive decision (NO) is obtained in step SM5d, the 
sub-routine of Fig. 8 is terminated, and the control 
flow goes to step SM6 of the main routine. 

In step SM6, data necessary to draw the com- 
ponents are generated according to the solid 

20 models which have been generated in step SMS. 
That is, the drawings of the components are dis- 
played on the screen of the display device 20, and 
necessary dimensions of the lines defining the 
components are entered through the data input 

25 device 18 and stored in the auxiliary data storage 
16. The operation in step SM6 will be described in 
detail by reference to the flow chart of Fig. 9. 

The sub-routine of Fig. 9 is initiated with step 
SM6a to open the appropriate part data file for 

30 each structural assembly. Step SM6a is followed 
by step SM6b in which a label identifying the solid 
model file is displayed on the display device 20. 
Then, step SM6c is implemented to specify the 
type of drawing of the component through the data 

35 input device 18. Step SM6c is followed by step 
SM6d in which the direction of projection of the 
drawing with respect to a reference plane of the 
drawing is specified through the data input device 
18. Then, the control flow goes to step SM6e in 

40 which the drawing of the component is generated 
according to the specified direction of projection. 
Step SM6e is followed by step SM6f in which the 
necessary dimensions of the lines defining the 
component are entered through the data input de- 

45 vice 18 and stored. Step SM6g is then imple- 
mented to determine whether the structural assem- 
bly in question has another component. If an affir- 
mative decision (YES) is obtained in step SM6g, 
the control flow goes back to step SM6b and 

so implement this step and the following steps. If a 
negative decision (NO) is obtained in step SM6g, 
the control flow goes to step SM6h to determine 
whether there is another structural assembly. If an 
affirmative decision (YES) is obtained in step 

55 SM6h, the control flow goes back to step SM6a 
and implement this step and the following steps. If 
a negative decision (NO) is obtained in step SM6h, 
the sub-routine of Fig. 9 is terminated, and the 
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control flow goes to step SM7 of the main routine 
of Fig. 3. 

In step SM7, information necessary to machine 
or manufacture the components whose solid 
models have been generated in step SM5 are 
entered through the data input device 18. The 
operation in this step SM7 will be described in 
detail referring to the flow chart of Fig. 10. 

The sub-routine of Fig. 10 is initiated with step 
SM7a to open the appropriate part data file for 
each structural assembly. Step SM7a is followed 
by step SM7b in which a label identifying each 
solid model file is displayed on the display device 
20. Then step SM7c is implemented to register a 
machining information file for each component 
through the data input device 18. Then, the control 
flow goes to step SM7d in which each tool used for 
machining the component is specified through the 
data input device 18. Step SM7d is followed by 
step SM7e in which a portion of the component to 
be machined by the tool and the machining con- 
dition are specified through the data input device 
18. Step SM7f is then implemented to specify a 
path to be taken by the machining tool, through the 
data input device 18. Then, the control flow goes to 
step SM7g to determine whether there is another 
tool used to machine the component. If. an affir- 
mative decision (YES) is obtained, steps SM7d- 
SM7g are repeated. If a negative decision (NO) is 
obtained in step SM7g, step SM7h is implemented 
to determine whether the structural assembly in 
question has another component. If an affirmative 
decision (YES) is obtained in step SM7g, steps 
SM7b-SM7g are repeated. If a negative decision 
(NO) is obtained in step SM7h, the control flow 
goes to step SM7i to determine whether there is 
another structural assembly. If an affirmative de- 
cision (YES) is obtained in step SM7i, the control 
flow goes to step SM7a to repeat steps SM7b- 
SM7h. If a negative decision (NO) is obtained in 
step SM7i, the sub-routine of Fig. 10 or step SM7 
of the main routine is terminated, whereby the main 
routine is terminated. 

If it is desired to modify or change the solid 
model or models of a certain component or compo- 
nents which have been generated in step SMS of 
the main routine of Fig. 3 as described above, the 
solid models may be modified according to the 
main routine of Figs. 4A and 4B which is formu- 
lated to modify the already generated solid models. 
The main routine of Figs. 4A and 4B is initiated 
with step SM8, which corresponds to the altering 
means 32 illustrated in Fig. 3. In step SM8, the 
wire frame models of the appropriate structural 
assembly are displayed on the display device 20, 
and the operator is allowed to enter and store data 
necessary to modify the desired component or 
components, more specifically, data necessary to 
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change the shape (and dimensions) or position of 
the component or components. The flow chart of 
Fig. 1 1 shows details of an operation in step SM8. 
The sub-routine of Fig. 11 is started with step 

5 SM8a to designate the part data file for the appro- 
priate structural assembly whose component or 
components is/are modified in design. Step SM8b 
is then implemented to open the wire frame file for 
each component to be modified. More specifically, 

io the wire frame file is read out from the shape data 
file memory 16a of the auxiliary data storage 16, in 
response to a signal received from the data input 
device 18, and the appropriate wire frame models 
are displayed on the display device 20. Then, the 

75 control flow goes to step SM8c to determine which 
one of the following three types of modification is 
required by the operator: changing only the posi- 
tion of the appropriate component; changing the 
shape of the component or re-designing the com- 

20 ponent; and replacing the shape of the component 
by that of the other component whose wire frame 
model is stored in the other wire frame file. 

If the operator specifies the modification by re- 
designing the component (changing the shape and 

25 dimensions of the component), the control goes to 
step SM8d wherein the operator enters data neces- 
sary to change the shape of the component 
through the data input device 18, while the original 
wire frame model is displayed on the display de- 

30 vice 20. Step SM8f is then implemented to change 
the original wire frame data and shape identifiers. 
Step SM8f is followed by step SM8g to store the 
changed wire frame file in the shape data file 
memory 1 6a. If the operator specifies the modifica- 

35 tion by copying the wire frame data in the other 
wire frame file (for the other component), step 
SM8c is followed by step SM8e in which the wire 
frame data are read from the other wire frame file. 
Then, the original wire frame data and shape iden- 

40 tifiers are changed in step SM8f, and the changed 
wire frame file is stored in the memory 16a. If the 
modification by changing only the position of the 
component in question, step SM8c is followed by 
step SM8h in which the data relating to the position 

45 of the component are changed, and step SM8g is 
implemented to store the changed wire frame file 
in the memory 16a. 

After the wire frame data in the wire frame file 
for the appropriate component have been changed 

so or modified, step SM8i is implemented to deter- 
mine whether the structural assembly in question 
has another component to be modified. If an affir- 
mative decision (YES) is obtained in step SM8i, 
steps SM8c-SM8g are repeated for that compo- 

55 nent. If a negative decision (NO) is obtained in step 
SM8i, the control flow goes to step SM8j to deter- 
mine whether there is another structural assembly 
to be modified. If an affirmative decision (YES) is 
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obtained in step SM8j, steps SM8a-SM8i are re- 
peatedly implemented. IF a negative decision (NO) 
is obtained in step SM8j, the sub-routine of Fig. 11 
is terminated. 

In the auxiliary data storage 16, attribute defini- 
tion data corresponding to the attributes defined in 
step SM4 are stored for each of the wire frame 
models of the components. In step SM81 following 
step SM8, the attribute definition data are changed 
through the data input device 18, in accordance 
with the modification of the wire frame data in step 
SM8. The attribute definition data may be changed 
as needed even when the corresponding wire 
frame data have not been changed. This step 
SM8I also corresponds to the altering means 32 
illustrated Fig. 2. 

Step SM81 is followed by step SM9 to open 
the part data file designated in step SM8a, for 
thereby activating a solid model modifying system. 
Step SM9 is followed by step SM10 in which the 
cross sectional shapes defining each solid model 
of the component whose wire frame data have 
been modified in step SM8 are modified according 
to the wire frame data modified in step SM8 and 
the relationship data obtained in step SM3. Further, 
the attributes defined in step SM4 are changed 
according to the attribute definition data changed in 
step SM81 and a predetermined relationship be- 
tween the attribute definition data and the attributes 
to be changed. The present step SM10 corre- 
sponds to the definition data updating means 34 of 
Fig. 2. Then, the control flow goes to step SM11 in 
which the solid model data of each component 
whose wire frame data have been changed are 
modified by the solid modeller 38 on the basis of 
the cross sectional shapes and attributes changed 
in step SM10, in a predetermined three-dimen- 
sional solid modelling procedure. Namely, a new 
solid model corresponding to the changed wire 
frame data is generated and stored in the auxiliary 
data storage 16. The present step SM11 corre- 
sponds to the solid model modifying means 36 of 
Fig. 2, which operates according to the solid model 
definition data in the form of the cross sectional 
shapes and attributes changed by the definition 
data updating means 34. 

Step SM12 is then implemented to generate an 
alarm signal to activate an alarm indicator light of 
the optical/audio indicator device 22, in the event 
that the solid modeller 38 fails to generate a solid 
model on the basis of the cross sectional shapes 
and attributes which have been changed in step 
SM10. The activation of the alarm indicator light 
prompts the operator to take a suitable measure to 
remove this erroneous state of the solid model 
generator 10. Step SM13 is then implemented to 
check if there is an interference between the modi- 
fied components. If such interference exits due to 



entry of erroneous data to change the wire frame 
models (shape and dimensions of the components) 
in step SM8, an alarm signal is generated to ac- 
tivate the alarm indicator light of the indicator de- 
5 vice 22. The activation of the indicator light 
prompts the operator to correct the erroneous data 
entry. 

Step SM13 is followed by step SM14 in which 
the positions of the dimension lines and the posi- 
io tions of the dimension values in the drawings of the 
components are changed according to the solid 
models modified in step SM11. Step SM15 is then 
implemented to activate the recording device 24 to 
produce the drawing of each modified component, 

75 and the drawing of the structural assembly which 
includes the modified component or components. 
Step SM15 is followed by step SM16 to change the 
coordinate values of the machining information of 
the components according to the modified solid 

20 models. The control flow then goes to step SM17 
to determine whether the routine of Figs. 4A and 
4B is executed in a manual mode or an automatic 
mode. In the manual mode, steps SM9 through 
SM16 are implemented only once each time the 

25 appropriate part data file corresponding to each 
structural assembly is designated by the operator 
through the data input device 18. In the automatic 
mode, steps SM9-SM16 are repeatedly implement- 
ed for all of the structural assemblies whose wire 

30 frame data have been changed in step SM8. 

If the manual mode is selected, step SM17 is 
followed by step SM18 in which the indicator light 
and speaker of the indicator device 22 are ac- 
tivated to inform the operator of the completion of 

35 the solid model modifying routine of Figs. 4A and 
4B. It is noted that step SM18 is implemented also 
when steps SM9-SM16 have been repeatedly im- 
plemented for all of the structural assemblies 
whose wire frame data have been changed in step 

40 SM8. Namely, step SM17 is followed by step 
SM18 when the step SM17 is implemented after 
the last part data file is designated in step SM19 in 
the automatic mode. 

If the automatic mode is selected, step SM17 

45 is followed by step SM19 in which the next part 
data file is designated, and steps SM9-SM16 are 
automatically implemented again, as indicated 
above. Steps SM9-SM16 are repeatedly imple- 
mented until the solid models of all the structural 

50 assemblies to be modified have been modified. 

It will be understood from the foregoing de- 
scription of the present embodiment that the solid 
models of two or more components can be modi- 
fied by simply changing the shape data in the form 

55 of the wire frame data stored in the shape data file 
memory means 30. Described more specifically, 
the shape data are changed by the altering means 
32 according to data entry operations through the 
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data input device 18. Then, the definition data 
updating means 34 is automatically operated to 
change the cross sectional shapes and the cor- 
responding attributes on the basis of the shape 
data changed by the altering means 32, according 
to the predetermined relationship between the 
changed shape data and the cross sectional 
shapes and attributes to be changed. The changed 
cross sectional shapes and attributes are applied to 
the solid model modifying means 36, as solid 
model definition data which define the solid 
models. The solid model modifying means 36 ac- 
tivates the solid modeller 38 so that the original 
solid models are modified according to the solid 
model definition data in the form of the changed 
cross sectional shapes and attributes. Thus, the 
means 30, 32, 34, 36 and solid modeller 38 con- 
stitute a solid model modifying apparatus capable 
of modifying already prepared solid models of two 
or more components of a structural assembly. 

In the present embodiment, the operator sim- 
ply enters data necessary to change the shape 
data or wire frame data stored in the shape data 
file memory means 30, at one time for all the 
components whose solid models are to be modi- 
fied. Then, the corresponding cross sectional 
shapes and attributes necessary to define the solid 
models are automatically changed according to the 
changed wire frame data, and the solid models of 
all the components whose wire frame data have 
been changed are automatically modified by the 
solid modeller 38 according to the changed cross 
sectional shapes and attributes. Thus, the modifica- 
tion of the solid models on the basis of the 
changed wire frame data does not require the 
attendance of the operator or designer, and can be 
performed at night. Accordingly, the operator does 
not have to wait at the peripheral data input device 
of the solid model generating system, whereby the 
time required for the operator to attend the system 
can be reduced to less than a half of the conven- 
tional requirement, and the component designing 
efficiency is accordingly improved. 

In the present embodiment, the shape data 
Stored in the shape data file memory means 30 
take the form of shape definition lines (as indicated 
at 52a-52d in Fig. 13) representative of wire frames 
which are two-dimensional figures. The wire frame 
models of two or more components of a structural 
assembly are displayed on the display device 20 at 
one time, so as to facilitate changing of the wire 
frame data, that is, changing of the shape definition 
lines defining the wire frames which correspond to 
the cross sectional shapes of the components or 
solid models. Generally, the dimensional or geo- 
metric modification of two or more components of 
a structural assembly requires the designer to con- 
sider the compatibility of the modified components 



with respect to each other and with respect to the 
non-modified components, in terms of their attach- 
ment or connection to or engagment with each 
other or their dimensional coordination. In some 

5 cases, the designer is required to re-modify the 
component or components so as to correct or 
overcome defects or incompatibility of the modified 
and non-modified components in a trial-and-error 
fashion. In the present embodiment, the dimen- 

w sional and positional compatibility or coordination 
of the two or more components can be readily 
checked while the wire frame models are displayed 
on the same screen of the display device 20, even 
if the wire frame models are changed by the alter- 

75 ing means 32 two or more times. Further, each 
component is initially defined by two-dimensional 
figures or wire frames (wire frame model), which 
can be processed at a higher speed than in the 
conventional system in which the three-dimensional 

20 data processing is required for modifying the solid 
model of each component. Therefore, the present 
arrangement permits designing or modification of 
the components with improved efficiency and re- 
duced time of repeated processing in the trial-and- 

25 error fashion. 

In addition, the present arrangement does not 
require an expensive high-speed computer for suc- 
cessively modifying the solid models of two or 
more components on the basis of the changed wire 

30 frame data, since the system need not be attended 
by the operator and does not impose a waiting 
time on the operator. In other words, the present 
system can be operated with an inexpensive low- 
speed computer, and is available at an accordingly 

35 reduced cost. 

The present embodiment is also advantageous 
in that the coordination of the components of a 
structural assembly can be checked by the wire 
frame models, thereby making it possible to mini- 

40 mize the possibility of problems which would occur 
with the solid models generated at the later stage 
of processing. 

Further, the design management of the various 
components in the form of the wire frame data 

45 assures reduced error of designing of the compo- 
nents, and enhanced quality control of the compo- 
nents produced. 

In the present system wherein a structural as- 
sembly as a whole is designed in the form of wire 

so frame models, source materials used for defining 
the wire frames or wire frame models can be used 
for checking the designed structural assembly for 
adequacy. Conventionally, such materials are not 
kept and cannot be used later to re-design the 

55 designed components or design related compo- 
nents. In this respect, the present system assures 
higher designing efficiency that the conventional 
system. 
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In the conventional system, the solid models as 
illustrated in Fig. 12 are displayed when the cor- 
responding components are modified, for example, 
when the standardized components having stan- 
dard shapes are modified in relative position. In the 
present system, however, sketches or simple draw- 
ing figures equivalent to the wire frames as illus- 
trated in Fig. 12 are displayed when the compo- 
nents are modified. Accordingly, the required time 
for re-designing the components is accordingly re- 
duced in the present system. 

As indicated above, a die set used on a press 
is an example of structural assemblies whose wire 
frame data are stored in the shape data file mem- 
ory 16a of the auxiliary data storage 16 (shape data 
file memory means 30). In this case, the wire frame 
models may be designed for a group of compo- 
nents associated with an upper die, a group of 
components associated with a lower die, and a 
group of components associated with a product 
produced by the die set. For improving the co- 
ordination between the components, it is desirable 
to correlate the commonly used components of 
those groups, so that different operators of the 
system or different designers may design such 
structural assemblies so as to meet the same de- 
sign concept. 

In the above embodiment, sets of wire frame 
data representative of wire frame models of re- 
spective components are stored in the memory 
means 30 and are modified in step SM8 to modify 
the corresponding solid models. However, the wire 
frame models may be replaced by surface models 
or may be used to generate the surface models, 
which are used to generate the solid models. 

Referring next to Figs. 14-21, there will be 
described a second embodiment of the present 
invention. While the program storage 15 in the first 
embodiment of Fig. 1-11 stores the control pro- 
grams for executing the routines of Figs. 3-11, the 
program storage 15 in the present embodiment 
stores control programs for executing routines illus- 
trated in Figs. 17-21, Further, the present apparatus 
uses an auxiliary data storage 26 in place of the 
auxiliary data storage 16, as indicated in Fig. 14. 

The auxiliary data storage 26 has a multiplicity 
of memory areas 26-1, 26-2 .... 26-n which cor- 
respond to different structural assemblies each 
consisting of two or more components. Each mem- 
ory area 26-n stores a part data file 30 for a 
structural assembly. Examples of structural assem- 
blies i, ii and iii are illustrated in Fig. 16. Each of 
these assemblies consists of two components A 
and B, more specifically, (Ai and Bi), (Aii and Bii), 
or (Aiii and Biii). 

Referring to Fig. 15 illustrating an arrangement 
of the part data file 30i for the structural assembly i 
by way of example, the part data file 30i has two 



component data files 32ai and 32bi for the compo- 
nents Ai and Bi of the assembly i, and one relation 
data file 34i which stores component relation data 
representative of a positional relationship between 
5 the two components Ai and Bi. Each of the compo- 
nent data files 32ai, 32bi has a wire frame data 
area, and a solid model data area for storing solid 
model data representative of a three-dimensional 
solid model of the component Ai, Bi. For example, 
w the wire frame data area of the component data file 
32ai for the component Ai stores wire-frame-related 
data which consist of: wire frame data representa- 
tive of a two-dimensional wire frame model of the 
component Ai; wire frame-solid model relation data 

is representative of a relationship between the wire 
frame model and the solid model; and attribute 
data representative of the attributes associated with 
cross sectional shapes used to define the solid 
model as described above with respect to the first 

20 embodiment. 

For instance, the component relation data 
stored in the relation data file 34i of the part data 
file 30i for the structural assembly i include data 
indicative of mutually contacting surfaces of the 

25 two components Ai and Bi. The wire frame data 
stored in the component data file 32ai include 
coordinate data of the shape definition lines of 
each wire frame of the component Ai, whUe the 
wire frame-solid model relation data stored in the 

30 component data file 32ai include data indicative of 
relationships between the shape definition lines of 
the wire frames and the shape definition lines or 
surfaces of the solid model of the component Ai. 
The attribute data stored in the component data file 

35 32ai include data indicative of directions of move- 
ment or rotation of each cross sectional shape 
element of the solid model of the component Ai, 
and the distance of movement or rotating angle of 
the cross sectional plane. 

40 Referring to the flow chart of Figs. 17A and 

17B illustrating a main routine, there will be de- 
scribed an operation of the present apparatus, to 
generate a solid model of the structural assembly 
iii shown in Fig. 16, by way of example. The 

45 assembly iii consists of the component Ai of the 
assembly i and the component Bii of the assembly 
ii. 

The main routine is initiated with step SM51 
(Fig. 17A) to register or open the appropriate part 

so data file 30iii. Step SM51 is followed by step SM52 
to determine whether a copying of the component 
data file or files of the other part data file or files is 
required by the operator. In the present example, 
the operator may require the copying of the wire- 

55 frame-related data in the wire frame data areas of 
the component data files 32ai and 32bii for the 
components Ai and Bii. However, an operation 
when a negative decision (NO) is obtained in step 
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SM52 will be described first. 

Step SM52 is followed by step SM53 when the 
negative decision (NO) is obtained in step SM52. In 
step SM53, wire frame data defining wire frame 
models of the components Aiii and Biii of the 
assembly iii are stored in the component data file 
32aiii and 32biii of the part data file 30iii, and the 
component relation data representative of the posi- 
tional relationship between the wire frame models 
of the components Aiii and Biii are stored in the 
relation data file 34iii. The component relation data 
include data indicative of the relationship between 
the local coordinate systems in wich the wire frame 
models of the components Aiii, Biii are defined. 

The operation in step SM53 is illustrated in 
detail in the flow chart of Fig. 18. Initially, step 
SM53a is implemented to register the appropriate 
component data file (32aiii or 32biii) for the compo- 
nent (Aiii or Biii), and the relation data file 34iii, 
through the data input device 18. Then, step 
SM53b is implemented to designate planes of defi- 
nition of the wire frames, through the data input 
device 18. Step SM53b is followed by step SM53c 
to specify the type of view represented by the wire 
frame model, and enter the coordinate values indi- 
cative of the positions of the individual wires of 
each wire frame in the x-y-z rectangular coordinate 
system. The data representative of the type of view 
and the coordinate values are stored as part of the 
wire-frame-related data in the wire frame data area 
of the appropriate component data file (32aiii or 
32biii) specified in step SM53a. Then, the control 
flow goes to step SM53e to determine whether the 
assembly iii in question has another component. If 
an affirmative decision (YES) is obtained in step 
SM53e, steps SM53a-SM53d are repeated. In the 
present specific example, steps SM53a-SM53d are 
repeated twice, a first cycle for the component Aiii, 
and a second cycle for the component Biii. 

Step SM53 is followed by steps SM54, SM55 
and SM56 to enter data necessary for initial defini- 
tion of a solid model of the assembly iii, or solid 
models of the components Aiii and Biii. An opera- 
tion in step SM4 to define cross sectional shapes 
used for defining the solid models is illustrated in 
detail in the flow chart of Fig. 19. 

The sub-routine of Fig. 19 is initiated with step 
SM54a in which the coordinate conversion matrix 
file defining the positional relationship between 
each wire frame model and the solid model is 
generated.. Step SM54b is then implemented to 
specify the plane in which each cross sectional 
shape is defined. Step SM54b is followed by step 
SM54c to define each cross sectional shape in the 
specified plane. 

Then, the control flow goes to step SM55 to 
store in the component data files 32aiii, 32biii wire 
frame-solid model relation data which represent the 



relationship between the wire frames and the cross 
sectional shapes used to define the solid models. 
Details of this step SM55 are shown in the flow 
chart of Fig. 20. 

5 The sub-routine of Fig. 20 is initiated with step 

SM55a in which component identifiers indicative of 
relationships between the wire frame models and 
the corresponding components Aiii, Biii are stored 
as part of the wire frame-solid model relation data 

10 in the appropriate component data files 32aiii, 
32biii. In the next step SM55b, shape identifiers 
indicative of relationships between the shape defi- 
nition lines of the wire frames and the cross sec- 
tional shapes of the solid models are stored as 

15 another part of the wire frame-solid model relation 
data in the component data files 32aiii, 32biii. Fur- 
ther, relationships between the wire frames and the 
solid model cross sectional shapes are stored, in 
relation to the shape identifiers, also in the compo- 

20 nent data files 32aiii, 32biii. 

Then, step SM56 is implemented to store the 
attribute data in the component data files 32aiii, 
32biii, through the data input device 18. The at- 
tribute data, which also constitute part of the wire- 

25 frame-related data, represent an attribute associ- 
ated with each of the cross sectional shapes de- 
fined in step SM54. An operation in this step SM56 
will be described by reference to the flow chart of 
Fig. 21. 

30 The sub-routine of Fig. 21 is initiated with step 

SM56a in which each geometric feature of each 
component Aiii, Biii is specified. Then, steps 
SM56b, SM56c, SM56d, SM56e which are similar 
to steps SM4b-SM4e of Fig. 8 are sequentially 

35 implemented. If an affirmative decision (YES) is 
obtained in step SM56e, the control flow goes to 
step SM55d which is similar to step SM3d of Fig. 
8. 

If an affirmative decision (YES) is obtained in 

40 step SM52, that is, if the operator requires copying 
of the wire-frame-related data in the wire frame 
data areas of the component data files 32ai and 
32bii of the part data files 30i and 30ii, the control 
flow goes to step SM57 to retrieve the wire-frame- 

45 related data stored in the wire frame data areas of 
those component data files 32ai, 32bii which have 
been specified by the operator through the data 
input device 18. In the present example, the wire- 
frame-related data retrieved from the wire frame 

so data area of the component data file 32ai of the 
part data file 30i are stored in the wire frame data 
area of the component data file 32aiii of the part 
data file 30iii, while the wire-frame-related data 
retrieved from the wire frame data area of the 

55 component data file 32bii of the part data file 30ii 
are stored in the wire frame data area of the 
component data file 32biii of the part data file 30iii. 
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Steps SM56 and SM57 are followed by step 
SM58 to determine whether the data retrieved from 
the other part data file or files should be changed 
or modified. If an affirmative decision (YES) is 
obtained in step SM58, steps SM52-SM56 (SM57) 
are repeated. If a negative decision (NO) is ob- 
tained in step SM58, the control flow goes to step 
SM59 to determine whether there is another struc- 
tural assembly whose solid model is to be gen- 
erated. If an affirmative decision (YES) is obtained 
in step SM59, steps SM51-SM58 are repeated. 

It will be understood that steps SM51 through 
SM59 are provided to enable the operator to define 
a desired structural assembly, by specifying a wire 
frame corresponding to each cross sectional shape 
element which cooperates with the corresponding 
attribute to define a shape element of the solid 
model. Thus, the operator may express a design 
concept of a structural assembly in the form of 
two-dimensional wire frames as indicated in Fig. 
13. 

If a negative decision (NO) is obtained in step 
SM59, the control flow goes to step SM60 (Fig. 
17B) in which the solid models of the components 
Aiii and Biii are generated by the solid modeller on 
the basis of the cross sectional shapes defined in 
steps SM54b, SM54c and the attributes defined in 
steps SM56a-SM56e. The solid model data repre- 
sentative of the generated solid models are stored 
in the solid model data areas of the appropriate 
component data files 32aiii and 32bii in which the 
wire frame data and the related data are stored in 
the wire frame data areas. 

After the solid model data of the components 
Aiii and Biii have been stored in step SM60 in the 
component data files 32aiii and 32biii of the part 
data file 30iii, step SM61 is implemented to store 
the component relation data representative of the 
positipnal relationship between the components Aiii 
and Biii in the relation data file 34iii of the part data 
file 30iii. The component relation data stored in this 
step SM61 include coordinate values or position 
vectors which indicate the relative positions of the 
solid models of the components Aiii, Biii. Explained 
in detail, the solid models of the components Aiii 
and Biii are displayed on the screen of the display 
device 20, and the zero points of the displayed 
wire frame models of the two components are 
specified for matching of their coordinate systems 
or vector directions, and data are entered through 
the data input device 18 to specify that sliding 
surface Aiiis of the component Aiii and sliding 
surface Biiis of the component Biii both of which lie 
on the same plane. 

Step SM61 is followed by step SM62 to ac- 
tivate the display device 20 to display the drawings 
of the structural assembly iii, and enter the dimen- 
sions associated with various shape definition lines 



in the drawings. The dimension data are stored in 
an appropriate portion of the part data file 30iii. In 
the following step SM63, information necessary to 
machine or manufacture the components Aiii, Biii 

5 are also stored. 

The control flow then goes to step SM64 to 
determine whether the operator desires to have an 
output of the content of any part data file 30, for 
example, part data file 30iii for the structural as- 

w sembly iii whose solid model has been generated. 
This determination is effected based on a com- 
mand signal received from the data input device 
18. If a negative decision (NO) is obtained in step 
SM64, the present main routine is terminated. If an 

75 affirmative decision (YES) is obtained in step 
SM64, step SM65 is implemented to determine 
whether the operator desires the output of the solid 
model or the wire frame model, based on a signal 
from the data input device 18. If the received signal 

20 indicates the operator's desire to output the solid 
model, step SM66 is implemented to retrieve the 
selected component data file or files 32 or all the 
component data files 32, and erase the retrieved 
wire-frame-related data so that only the solid model 

25 data of the read-out file or files 32 are used to 
output the solid model. If the solid model data are 
retrieved from the two or more component data 
files 32, the component relation data are also re- 
trieved from the relation data file 34. Then, the 

30 display device 20 and the recording device 24 are 
operated to display or record the solid model or 
models, according to the solid model data. Alter- 
natively, the solid model data and the component 
relation data are sent to an external device. If the 

35 operator desires to output the wire frame model, 
step SM67 is implemented to retrieve the selected 
component data file or files 32 or all the compo- 
nent data files 32, and erase the retrieved solid 
model data so that only the wire-frame- related data 

40 are used to output the wire frame model. If the wire 
frame data are the two or more component data 
files 32, the component relation data are also re- 
trieved from the relation data file 34. Then, the 
display device 20 and the recording device 24 are 

45 operated to display or record the wire frame model 
or models according to the wire-frame-related data, 
or the wire-frame-related data are sent to the exter- 
nal device. 

In the present embodiment described above, 
50 the memory areas 26-n of the auxiliary data stor- 
age 26 are used for the part data files 30 for 
different structural assemblies of components, 
namely, part data files 30i, 30ii and 30iii for the 
structural assemblies i, ii and iii in the illustrated 
55 example described by reference to Fig. 16. Each 
part data file 30 has two or more component data 
files 32 corresponding to the individual components 
of each structural assembly, and one relation data 
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file 34 storing the component relation data. Each 
component data file 32 has both the wire frame 
data area and the solid model data areas in which 
are stored the wire-frame-related data and the solid 
model data, which respectively represent the wire 
frame model and the solid model of the component 
in question. In the illustrated example, the wire- 
frame-related data and the solid model data of the 
components Ai and Bi of the structural assembly i 
are- stored in the component data files 32ai and 
32bi of the part data file 30i, respectively, while the 
wire-frame-related data and the solid model data of 
the components Aii and Bii of the structural assem- 
bly ii are stored in the component data files 32aii 
and 32bii of the part data file 30ii, respectively. 
Similarly, the wire-frame-related data and the solid 
model data of the components Aii and Biii of the 
structural assembly iii are stored in the component 
data files 32aiii and 32biii of the part file data 30iii, 
respectively. Further, the component relation data 
of the assemblies i, ii and iii are stored in the 
respective relation data files 34i, 34ii and 34iii. The 
component relation data include data representa- 
tive of the positional relationship between the wire 
frame models of the components of the same 
assembly, and data representative of the positional 
relationship between the solid models of the com- 
ponents of the same assembly. 

.According to the present embodiment, only the 
desired component data file or files 32 (32ai, 32bi, 
32aii, 32bii, 32aiii, 32biii) of any desired part data 
file or files 30 can be copied and utilized to gen- 
erate a solid model of a new structural assembly. 
When the wire frame data of the component Ai of 
the structural assembly i is utilized for generating a 
solid model of the structural assembly iii, for exam- 
ple, only the component data file 32ai for the 
component Ai can be utilized independently of the 
component data file 32bi for the component Bi. 
Consequently, it is not necessary to erase or re- 
move the unnecessary data stored in the compo- 
nent data file 32bi. Thus, the present arrangement 
permits easy utilization of already stored data of 
any component of any already designed structural 
assembly to design a new structural assembly, and 
therefore assures increased designing efficiency 
and reduced designing error due to removal of the 
unnecessary portion of the copied data. 

Although the present embodiment illustrated in 
Figs. 17A and 17B is adapted such that the wire- 
frame-related data in the wire frame data area of 
the copied component data file 32 is utilized in 
step SM60 to generate the solid model data of a 
new structural assembly, the solid model data of 
the copied component data file may be directly 
used to generate the solid model of the new as- 
sembly. In this case, step SM60 need not be 
implemented for the component whose solid model 



data are obtained by copying in step SM57. 

In the present second embodiment, steps SM1 
through SM10 correspond to first data storage con- 
trol means for storing the wire-frame-related data 

5 and the solid model data in respective areas of 
each of the different component data files 32 pro- 
vided for different components of, each structural 
assembly. Further, steps SM53 and SM11 cor- 
respond to second data storage control means for 

70 storing the component relation data in the relation 
data file 34 which is different from the component 
data files 32 and which cooperate with the compo- 
nent data files 32 to constitute each part data file 
30. 

75 It is also noted that the use of different compo- 

nent data files for different components of a struc- 
tural assembly and the use of each component 
data file to store both the wire-frame-related data 
and the solid model data facilitate reproduction of 

20 the solid model of any desired one of the compo- 
nents of a structural assembly at a desired op- 
portunity, for three-dimensional geometric verifica- 
tion of the selected component. 

It is further noted that since the present em- 

25 bodiment is adapted to process data associated 
with each one of the components at one time, the 
required storage capacity of the primary data stor- 
age 14 of the computer 12 can be made relatively 
small, and the storage 14 is available at a com- 

30 paratively low cost. Conventionally, wire frame data 
and sold model data associated with all compo- 
nents of a structural assembly must be processed 
at one time when the wire frame data or solid 
model data of the assembly are partially modified, 

35 or when the part data file of the assembly is 
copied, for example. 

Although the second embodiment is adapted 
such that solid models are generated on the basis 
of wire frame models, surface models obtained 

40 from the wire frame models may be used to gen- 
erate the solid models. 

While the present invention has been de- 
scribed in detail in its presently preferred embodi- 
ments, for illustrative purpose only, it is to be 

45 understood that the invention is not limited to the 
details of the illustrated embodiments, but may be 
embodied with various changes, modifications and 
improvements, which may occur to those skilled in 
the art, in the light of the foregoing teachings. 

so Method and apparatus for generating a solid model 
of a structural assembly, or solid models of compo- 
nents of such assembly, according to cross sec- 
tional shapes of the components and attributes 
associated with the cross sectional shapes, wherein 

55 the components are initially defined by wire frame 
models or surface models represented by suitable 
shape data such wire frame data. When a structural 
assembly is modified in design, the shape data are 

> 
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changed, and the corresponding cross sectional 
shapes and attributes are changed, so that a mod- 
eller (38) modifies the already generated solid 
model or models, on the basis of the changed 
cross sectional shapes and attributes. The appara- 
tus includes part data files (30) for respective struc- 
tural assemblies, and each part data file has com- 
ponent data files (32) for respective components of 
each assembly, and a relation data file (34) repre- 
sentative of positional relationship of the compo- 
nents of the assembly. Each component data file 
storing wire frame data and solid model data in 
respective memory areas thereof. 

Claims 

1. A method of modifying solid models of a plu- 
rality of designated components, which have 
already been generated by a solid model gen- 
erating apparatus wherein a solid modeller (38) 
automatically generates solid models represen- 
tative of a plurality of components according to 
cross sectional shapes of the components and 
attributes associated with said cross sectional 
shapes, said cross sectional shapes and at- 
tributes defining said solid models of said 
components, said method comprising the 
steps of: 

preparing a plurality of shape data files 
(16a) storing respective shape data sets repre- 
sentative of shapes of said plurality of des- 
ignated components (50, 54, 56); 

successively changing the shape data sets 
representative of said designated components, 
to modify the solid models of said designated 
components; 

changing said cross sectional shapes 
and/or said attributes of said designated com- 
ponents on the basis of the changed shape 
data sets of said designated components, and 
according to a predetermined relationship be- 
tween said changed shape data sets and said 
cross sectional shapes and/or said attributes; 
and 

activating said solid modeller (38) to suc- 
cessively modify the already generated solid 
models of said designated components, on the 
basis of said cross sectional shapes and said 
attributes at least one of which has been 
changed. 

2. A method according to claim 1, wherein each 
of said shape data sets stored in said shape 
data files includes wire frame data representa- 
tive of a two-dimensional wire framemodel con- 
sisting of shape definition lines which define a 
shape of a corresponding one of said des- 
ignated components. 



3. A method according to claim 2, wherein said 
step of successively changing the shape data 
sets comprises displaying the wire frame 
models of said designated components on a 

5 same display screen in a predetermined posi- 

tional relationship with each other, and entering 
data necessary to change said wire frame data 
representative of said one wire frame model of 
each of said designated component. 

w 

4. A method according to any one of claims 1-3, 
wherein each of said shape data sets stored in 
said shape data files includes attribute defini- 
tion data corresponding to each of said at- 

75 tributes, and said step of successively chang- 

ing the shape data sets comprises entering 
data necessary to change said attribute defini- 
tion data. 

20 5. An apparatus for modifying solid models of a 
plurality of designated components, which 
have already been generated by a solid model 
generating apparatus wherein a solid modeller 
(38) automatically generates solid models re- 

25 presentative of a plurality of components ac- 

cording to cross sectional shapes of the com- 
ponents and attributes associated with said 
cross sectional shapes, said cross sectional 
shapes and attributes defining said solid 

30 models of said components, said apparatus 

comprising: 

shape data file memory means (30) having 
a plurality of shape data files (16a) storing 
respective shape data sets representative of 

35 shapes of said plurality of designated compo- 

nents (50, 54, 56); 

altering means (32) for successively 
changing the shape data sets representative of 
said designated components, to modify the 

40 solid models of said designated components; 

definition data updating means (34) for 
changing said cross sectional shapes and/or 
said attributes of said designated components 
on the basis of the changed shape data sets of 

45 said designated components, and according to 

a predetermined relationship between said 
changed shape data sets and said cross sec- 
tional shapes and/or said attributes; and 

solid model modifying means (36) for ac- 

50 tivating said solid modeller (38) to successively 

modify the already generated solid models of 
said designated components, on the basis of 
said cross sectional shapes and said attributes 
at least one of which has been changed. 

55 

6. An apparatus according to claim 5, wherein 
each of said shape data sets stored in said 
shape data files includes wire frame data re- 
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presentative of at least one two-dimensional 
wire frame model consisting of shape definition 
lines which define a shape of a corresponding 
one of said designated components. 

7. An apparatus according to claim 6, further 
comprising a display device (20) and a data 
input device (18), and wherein said altering 
means (32) activates said display device to 
display the wire frame models of said des- 
ignated components on a same screen of the 
display device in a predetermined positional 
relationship with each other, and receives from 
said data input device data necessary to 
change said wire frame data representative of 
said at least one wire frame of each of said 
designated component. 

8. An apparatus according to any one of ciaims 
5-7, further comprising a data input device 
(18), and wherein each of said shape data sets 
stored in said shape data files includes at- 
tribute definition data corresponding to each of 
said attributes, and said altering means (32) 
receives from said data input device data nec- 
essary to change said attribute definition data. 

9. A method of generating solid models of struc- 
tural assemblies (i, ii, iii) each consisting of a 
plurality of components (Ai, Bi, Aii, Bii, Alii, 
Biii), according to cross sectional shapes of 
said components and attributes associated with 
said cross sectional shapes, said cross sec- 
tional shapes being based on wire frame 
models defining shapes of said components of 
said each structural assembly, said method 
comprising the steps of: 

providing a plurality of part data files (30) 
corresponding to said plurality of structural as- 
semblies (i, ii, iii), each of said part data files 
including a plurality of component data files 
(32) corresponding to said plurality of compo- 
nents of said each structural assembly, and a 
relation data file (34); 

storing wire-frame-related data or surface 
model data and solid model data of each of 
said components of said each structural as- 
sembly, in respective areas of a corresponding 
one of said component data files (32) of a 
corresponding one of said part data files (30), 
said wire-frame-related data including wire 
frame data representative of said wire frame 
models of said components, and said surface 
model data being representative of surface 
models of said components, while said solid 
model data being representative of said solid 
models of said components; and 

storing component relation data of said 



each structural assembly in said relation data 
file of the corresponding part data file, said 
component relation data being representative 
of a positional relationship of said plurality of 
5 components of said each structural assembly. 

10. A method according to claim 9, wherein said 
wire-frame-related data further include relation 
data representative of a positional relationship 

io between said wire frame model of said each 

component of said each structural assembly 
and the solid model of said each component. 

11. A method according to claim 9 or 10, wherein 
75 said wire-frame-related data further include at- 
tribute data representative of the attribute as- 
sociated with each cross sectional shape ele- 
ment which defines said each component. 

20 12. An apparatus for generating solid models of 
structural assemblies (i, ii, iii) each consisting 
of a plurality of components (Ai, Bi, Aii, Bii, Aiii, 
Biii), according to cross sectional shapes, of 
said components and attributes associated with 

25 said cross sectional shapes, said cross sec- 

tional shapes being based on wire frame 
models defining shapes of said components of 
said each structural assembly, said apparatus 
comprising: 

30 a plurality of part data files (30) corre- 

sponding to said plurality of structural assem- 
blies (i, ii, iii), each of said part data files 
including a plurality of component data files 
(32) corresponding to said plurality of compo- 

35 nents of said each structural assembly, and a 

relation data file (34); 

first data storage control means (12) for 
storing wire-frame-related data or surface 
model data and solid model data of each of 

40 said components of said each structural as- 

sembly, in respective areas of a corresponding 
one of said component data files (32) of a 
corresponding one of said part data files (30), 
said wire-frame-related data including wire 

45 frame data representative of said wire frame 

models of said components, and said surface 
model data being representative of surface 
models of said components, while said solid 
model data being representative of said solid 

so models of said components; and 

second data storage control means (12) for 
storing component relation data of said each 
structural assembly in said relation data file of 
the corresponding part data file, said compo-. 

55 nent relation data being representative of a 

positional relationship of said plurality of com- 
ponents of said each structural assembly. 
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13. An apparatus according to claim 12, wherein 
said respective areas of each of said compo- 
nent data files (32) consist of a wire frame data 
area and a solid model data area for storing 
said wire-frame-related data and said solid 5 
model data, respectively, said wire frame data 
area further storing relation data representative 

of a positional relationship between said wire 
frame model of said each component of said 
each structural assembly and the solid model w 
of said each component. 

14. An apparatus according to claim 13, wherein 
said wire frame data area further storing at- 
tribute data representative of the attribute as- 15 
sociated with each cross sectional shape ele- 
ment which defines said each component. 

15. An apparatus according to any one of claims 
12-14, further comprising an output device for 20 
reproducing the solid models of said structural 
assemblies, according to said solid model 
data. 

16. An apparatus according to claim 16, further 25 
comprising output control means for retrieving 

said wire-frame-related data or said surface 
model data and said solid model data from 
said component data files of one of said part 
data files which corresponds to one of said 30 
structural assemblies when the solid model of 
said one structural assembly is reproduced, 
said output control means erasing the retrieved 
wire-frame-related data or said surface model 
data so that only the retrieved solid model data 35 
are used to reproduce the solid model of said 
one structural assembly. 
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